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[57] ABSTRACT 

A bus driver includes a plurality of first to m-th buffer 
circuits fcnr leceiviiig input of an input signal, a delay circuit 
for delaying the input signal by a predeternuned time period, 
an n-th buffer circuit for receiving input of a delay signal 
from tbe delay circuit, a apadtor for selectively receiving 
input of a predetermined combination of the output signals 
of the first to n>th buffer circuits, and an output terminal for 
outputting a signal composed of the output of the capacitor 
and the output signal of said n-tfa buffer circuit As a result 
of composition of a plurality of signals output from the 
capacitive portion and the signal output from the n-th buffer 
circuit, a plurality of ou^ut signals each having different rise 
time and fall time are ou^t from the output terminal. 

11 Claims, S Drawing Slieets 
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BUS DRIVER In the prefecred construcdoD, first and second buffer 

circuits are provided as the first to ni-th buffer circuits, a 

BACKGROUND OF THE INVENTION third buffer circuit is provided as the n-ih buffer circuit, and 

1. Field of the Invention ^"^^ Pf^ 
riciu w uic iiivcuuuu ^ pcnnitting or inhibiting ouq>ut, tiie c^)acitive 

The present invention relates to a bus driver, and mMC portion receives laput of the output signal of said first buffer 

particularly, to a bus driver allowing adjustment of through circuit era signal con^)oscd of the output signals of saidfirst 

rates of a rise and a fall of an ou^ wavcfonn. ^nd second buffer circuits, and the ou^t tcnninal outputs 

2. Description of the Related Art two types of signals each having different rise time and fall 
Basic structure of a conventional bus driver is shown in lO time which are composed of the ou^t signal of said third 

FIG. 9. As illustrated in FIG 9, the conventional bus driva buffer circuit and two types of output signals firom the 

is structured to have a buffer circuit 91 connected between capadtlve portion. 

an input terminal 92 and an oulput terminal 93. In this In another preferred construction, first to third buffer 
structured bus driver, because of an open drain stnxrture of circuits are provided as said first to m-th buffer circuits, a 

the buffer circuit 91, adjustment of a through rate fourth buffer circuit is provided as said n-th buffer circuit, 

(adjustment of a rise time and a fall time) is possible neitha first to third buffer drcuits including first control means 

at a rise nor a fall of an output wavefomL for permitting or inhibiting output, the capadtive portion 

The technology called CTL (Gunning "ftansccivcr Logic) receives itxpai of three types of signals as the combinations 

is prx>posed for improving adjustment of through rates otf ^ signals from said first to third buffer circuits, 
such a bus driver. GTL, however, only allows adjustment of ^0 and the ou^t tcnninal ou^)Uts three types of signals each 

a through rate at a rise of a waveform but not at a fall, having different rise time and fall time which arc combina- 

^ A u ^- A ' V tions of the output signal of said fourth buffer circuit and 

As described above, m a conventional bus dnvcr, its open c • it. 'j *^ ^* 

draiB structure makes It difficult to adjusi a tl«HigJ>^ *^ *^l"^"i?'f„f^'* capaative potton. 

y J' *_ r - A.* J r 11 s r j ^ it Aocotding to 8 furthcr aspcct of the iDvcntion, a bus dflvcr 

(adjustment of a nse time and a fall time) of a rise and a fall . . *^ 

of an output waveform. This is a factcH" contributing to comprising. 

generation of n<Hse on a bus, which makes it in^wssible to terminal fw receiving input of an input signal, 

increase a frequency of a transmission waveform and there- & plurality of first to m-di (m is an integer larger than 1) 

fore makes hig^-speed transmission difficult. Even with buffer circuits foe receiving input of said input signal 

(jTL, it is only possible to adjust a through rate of a rise of from said iqiut terminal, 

an output wavefonn but is difficult to adjust diat of a fall. As a delay circuit for delaying the isspui signal from said 

a result, sudi a bus driver employing GTL has the same ii^t terminal by a jvedetamined time period and 

drawbacks that large noise is generated to prevent increase ou^tting the delayed input signal as a delay signal, 

of a frequency of a transmission wavefonn. an j^,^ (n is integer larger than m) buffer circuit fcff 

r^wT^^M.^^r ^T^rr^^ ^r^^^y^^vr ^5 recdving input of said delay signal from said delay 

SUMMARY OF THE INVENTION " circuit. 

The present invention is to provide a bus driver enabling a c^adtive portion for sdcctivdy recdving input of a 

adjustment of a rise time and a fall time of an ou^ut signal, predetermined combination of output signals from said 

by which noise on a bus transmission line can be prevented first to m-tfa buffer circuits, and 

by ^>propriately setting a rise time and a fall time of an 40 an ou^ut terminal for selectively outputting the output 

output signal, thereby allowing a frequency of a transmis- signals of said first to m-th bi^er circuits or a signal 

sion waveform to be increased for higb-^)eed transmission. composed of ttie output of said capadtive portion and 

According to one a^>ec^ of the invention, a bus driver the ou^t signal of said n-th buffo* circuit 

comprising: In the above-mcatioiicd construction, at least one of said 

an input terminal for receiving input of an input signal, buffer circuits indudes first control means for 

a plurality of first to m-th (mis an integer larger than 1) pOTiitting inhibiting output 

buffer drcuits for recdving input of said input signal P^^«^*^ cons^cUon, the bus dnver further com- 

from said input terminal, sdechon means for selectively swilchmg outputtmg 

A 1 • At" a. • * • t c .J of the outputs of said first to m-th buffer circuits to said 

a delay arcurt far delaymg toe input sigiud from said ^ cai«citive^otiaiidoutputtiiigof1hc same directly to said 

input terminal by a predetenmned tunc period and oul^t terminal » ' 

ou^utting the delayed input signal as a delay signal, ^^^^ construction, at least one of said first 

an n-th (n is an mtcgcr larger than m) buffer circuit for ^^^^ j^^ludes first control means for 

receiving input of said deUy signal from said delay pcnnitting or inhiWting ou^ul, said control means selecting 

^^^^ 55 the ou^t signals from said first to m-th buffer circuits to 

a capadtive portion for selcctivdy recdving input of a ou^t a plurality of combinations of signals to said capad- 

predctermined combination of output signals from said tive portion, the bus driver further con^xises selection 

first to m-th buffer drcuits, and jncans for sdectivdy switdung outputting of the outputs of 

an output terminal for outputting a signal composed of the said first to m-th buffer circuits to said capadtive portion and 

ou^ut of said capadtive portion and the output signal tio outputting of the same directly to said ou^t terminal, and 

of said n-th buffer circuit. wherein die n-th buffer circuit indudes second control 

In the preferred construction, at least one of the first to means for inhibiting the outputs of said n-th buffer drcuit 

m-th buffer drcuits includes first control means for permit- when said selection means outputs the ou^uts of said fint to 

ting or inhibiting ou^ut, the control means selecting the m4h buffer drcuits directly to said output tenninaL 

output signals from the first to m-th buffer circuits to output 65 In anodier preferred construction, first and second buffer 

a plurality of combinations of signals to the capadtive circuits are provided as said first to m-th buffer circuits, and 

portion. a third buffer drcuit is fHOvided as said n-th buffer drcuit. 
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the second buffer circuit including tot control means pro- 11, a second buffer circuit 12, a third buffer circuit 13, a 

vided for pennitting or inhibiting output, the bus driver delay circuit 14, a capadtcr 15, an input tenninal 16 and an 

fiother conqsdses selection means fof selectively switdiing ou^t tenninal 17. 

Quitting of the ou^ts of said first and second buffer The li^t tenninal 16 is connected to the input portions of 

circuits to said capacitive portioo and ou^utting of the same s the first buffer circuit 11« the second buffer circuit 12 and the 

directly to said output tenninal, the third buffer circuit delay circuit 14. The output portions of the first buffer dicult 

indudittg second control means for inhibiting the output at 11 and the secoiKl buffer circuit 12 are connected to one 

said third buffer circuit when said selection means outputs tenninal of the capadxxx 15. The output portion of the delay 

the ou^ts of said first and second buffer circuits directly to circuit 14 is connected to the ii^ut portion of the third buffer 

said output terminal, and wherein the said capacitive portion lo circuit 13, an output control tenninal of the second buffer 

receives input of the ou^Hit signal of said first buffer circuit circuit 12 is supplied with a control signal GS, and the other 

or a signal composed of the output signals of said first and terminal of the capacitor 15 and the output portion of the 

second buffer circuits, and the ou^ terminal ou^Hits atotal third buffs circuit 13 are connected to the output terminal 

of four types of signals each ha\ing different rise time and }7. 

fall time including two types of signals which arc composed 15 -j^ second buffo* circuit 12 has its output portion enabled 

of the output signal of said third buffer circuit and two types ^ disabled by fee control of die wUed control signal GS. 

of output signals from said capacitive portion, and two types enable state, an ou^ut wavefonn is ou^t fr<Mn the 

of signals including the ou^ut signal of said first buffer ou^ portion of the second buffer drcuit 12 and in the 

circuit and a signal composed of the output signals of said disable state, no output waveform is ou^t from the same, 

first and second buffer circuits. 20 Operation of dius structured bus driver of the first 

Other object^ features and advantages of the present embodiment will be desaibed with reference to FIGS. 2 and 

mvenuon wdl become dear from the detailed description 3 a gate delay time Tg- of each of the first, second 

given hoebelow. 11, 12 and 13 is set to be equal to 

RRTRP DF<5rRTFrrOTsj OF THF nRAWTNO«i ^< and a rise time 'TT of each ou^wt wavefonn 

BRIEF DESCRimON OF THE DRAWINGS 23 output from these buffer circuits is set to be equal to each 
The present invention will be understood mote fiilly from other. A fall time 'TT of each ou^ut wav^orm output from 
the detailed description given berebdow and from the these buffer circuits 11, 12 and 13 is also set to be equal to 
acoon^anying drawings of the prefened embodiment of the each other. In addition, a delay time of the delay circuit 14 
invention, which, however, should not be taken to be limi- ^ is rqpresented by *Td-, 

tative to the invention, but are for explanation and under- First, signal wavefonns at the respective circuit portions 
standing only. are shown in FIG. 2 in a case where the output pcHtion of the 

In the drawings; second buffer circuit 12 is enabled by the control signal GS. 

FIG. 1 is a circuit diagram of a bus driver acceding to a * wavefonn is shown in FIG. 2(a) is 

first cmbodinKnt of the present invention. 35 *PP^^ to the input t^minal 16, the signal SI is further 

„^ ^ . ^ ^, ^ , . . applied to the first and second buffer circuits 11 and 12 and 

HG. 2 IS a waveform diagram for use m explammg t^Tdclay circuit 14. From the output portion of the first 
openition of the bus driver according to the first embodiment ^ whosewaveform is shown in 

of the present mvention. . FIG. 2{b) is output 

FIG. 3 is a waveform diagram for use in explaining ^^^j^ S2 has a wavefonn delaying behind the 

operation of the bus driver acowding to the first embodiment ^ waveform of the signal SI at the input tciminai 16 by the 
of the iMxsent invention. gate -rg« the buffer circuit Ftom the ou^ut 

FIG. 4 is a circuit diagram of a bus driver acxxxding to a portion of die delay circuit 14, a signal S3 whose waveform 
second embodiment of the present invoition. is shown in FIG. 2(c) is ou^xit The signal S3 delays behind 

FIG. 5 is a waveform diagram for use in explaining the waveform of the signal SI at the input signal 16 by the 
operation of the bus driver according to the second embodi- delay time "Td" of the delay circuit 14. 
ment of the present invention. From the ou^t portion of the third buffer circuit 13, a 

FIG. 6 is a circuit diagram of a bus drier according to a si^ndl S4 whose wavefonn is shown in FIG. 2(d) is output 
third embodiment of the present invention. which signal has a wavefonn delaying behind the waveform 

HG. 7 is a waveform diagram for use in explaining so pT. SI at die input terminal 16 by the time 

operation of the bus driver according to the third embodi- Td+Tg . 

ment of the jicsent invention. Here, the output portion of the second buffer drcuit 12 is 

„^ o • f A' « • 1 • * enabled by the application of the control signal GS. The 

FIG. 8 IS a waveform diagram for use in explaimng ^„t^„* .^^^a k,^-^ ^^^^Ttt tt.^^^ 

c * *L *t- J L J* output portion of the second buffer circuit 12 therefore 

operation of me bus dnver according to the third embodi- * < t 0* j_ * • u • rTwr^ ^/ s 

2?:. f ^ ♦i^^ 55 outouts a signal S5 whose wavefonn is shown id FIG. 2{c). 

ment of the present invention. ^ * *u 3 t 1 ^ . 7\J 

^ The wavefonn of the signal S5 is the same as that of the 

FIG. 9 is a circuit diagram showing one example of a ^jg^^ 53 ou^ from the buffer circuit 11. 

conventional bus driver. -^hen, die signals S2 and S5 output from the first and 

DESCRlFnON OF THE PREFERRED '^'"'^ "^V} ^ ^l^'^f ^ ^ 

i/x:ov-«^ x^^K^^A^^^j^M^.w^.r^ ^ 50 that a signal S6 whose waveform is shown io HG. 

cjvu} wi^iivuirN 1 a applied to one tenninal of die c^iacitar 15. As a result 

Prefened embodiments of the present invention will be of the application of the signal S6, a signal S7 whose 

described in detail with reference to the accon^sanying waveform is shown in FIG. 2(g) is output from the c^er 

drawings in the following. FIG. 1 is a circuit diagram tenninal of the capacitor 15. 

showing the structure of a bus driver according to the first 6S Then, conqx>sition of the signal S7 output frtsm the 

embodiment of the present invention. In FIG. 1. the bus capacitor 15 and shown in FIG. 2(g) and the signal S4 output 

driver of the present invention includes a first buffer circuit fi^m die diird buffer circuit 13 and shown in FIG. 2(d} at die 
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output terminal 17 results in ou^utdog of an ou^ut signal 
S8 shown in FIG. 2(h), Rise time and fall time of tiic ou^ut 
signal S8 are represented by 'TVr and *'Tfl", respectively. 

Description will now be given of operation at the time 
when the ou^ut portion of the second buffer dicuit 12 is ^ 
disabled by the control signal GS. Waveforms of the signals 
at the respective circuit portions are shown in FIG. 3 in a 
case where the ou^ut portion of the second buflfo* dicuit 12 
is disabled by the control signal GS. After the signal SI 
whose waveform is shown in FIG. 3(a) is applied to the lo 
input terminal 16, the signal SI is applied to the first and 
second buffer circuits 11 and 12 and the delny circuit 13, so 
that the signal S2 shown in FIG. 3(b) is output from the 
output portion of the first buffer circuit 11. The signal S2 has 
a wavefonn delaying behind the wavefonn of the signal SI 
by the deUy time *Tg". 

On the other hand, from the output portion of die delay 
circuit 14. the signal S3 is output whose waveform delays 
behind that of the signal SI shown in FIG. 3(c) by the delay 
time *Td". From the ou^ut portion of the third twffer circuit ^ 
13, the signal S4 is ou^t whose wavefonn delays behind 
that of the signal shown in FIG. S(d) by the time 'Td4-Tg'*. 

Hcie, because the second buffer circuit 12 has its ou^hiI 
portioQ disabled by the application of the control signal GS, 
the signal S5 is not output from the ou^ut portion of the ^ 
second buffer circuit 12. 

Therefore, die signal S6 whose wavefonn shown in FIG. 
3(e) is the same as that of the signal S2 ou^t from the first 
buffer circuit 11 is applied to one terminal of the capacitor ^ 
15. Then, ou^ut from the other tenninal of the capacitor 15 
is the signal S7 whose wavefonn is shown in FIG. 3(/). 

Then, as a result of con^sition of die signal S7 ou^nit 
from the capadtca" 15 and shown in FIG. 3(f) and the signal 
S4 output from the third buffer circuit 13 and shown in FIG. 3^ 
3(d) at die output tenninal 17. die ou^ut signal S8 shown in 
FIG. 3(g) is ou^ut. Rise time and fall time of the output 
signal S8 are represented by *TV2** and 'Tf2", respectively. 

Compariscm of the output signal S8 shown in FIG. 2(h) 
and the output signal Sft shown in FIG. 3(g) finds that the ^ 
rise time DcT' and die fall time 'Tf2" of die output signal 
S8 shown in FIG. 3(g) are longer that the rise time 'Hrl** and 
the fall time *Tf r of die ou^ signal S8 shown in FIG. 
2(A). 

As described in the foregoing, rise and fall times of an 45 
ou^t signal waveform (through rate) can be adjusted in 
two ways by switching die ou^ut portion of the second 
buffer circuit 12 between die enable state and the disable 
state by the control signal GS. As a result, appropriate 
adjustment of rise and fall times of the waveform of the ^ 
ou^ut signal S8 leads to prevention of noise generation on 
a bus transmission path and therefore allows a transmission 
frequency to be increased for realizing a hig^-spced trans- 
mission bus. 

FIG. 4 is a circuit diagram showing the structure of a bus 55 
driver according to die second embodiment of the present 
invention. In FIG. 4, the bus driver of the second embodi- 
ment includes a first buffer circuit 31, a second buffer circuit 
32, a diird buffer circuit 33, a f ourdi buffer circuit 34, a delay 
circuit 35, a c^acitor 36, and an ii9>ut tenninal 37 and an 60 
output terminal 38. 

The input terminal 37 is connected to the input portions of 
die first second and third buffer circuits 31, 32 and 33 and 
die delay circuit 35, The ouqmt portions of die first, second 
and diird buffer circuits are connected to one terminal of die 65 
capadtOT 36. The output portion of the delay circuit 35 is 
connected to the input portion of the fourth buffer circuit 34, 
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and the odier terminal die c^acitor 36 and the output 
portion of Uie bufficr circuit 34 are connected to die ou^t 
tenninal 38. Tht output control terminals of the first to diird 
buffer circuits 31, 32 and 33 are each sillied widi a control 
signal GS. The output portions of die first to diird buffer 
circuits 31 to 33 are enabled or disabled by the control of the 
ai^ed control signal GS. 

The second embodiment differs from the first embodiment 
in that an additional buffer circuit is connected to die 
capacitor 36 and diat the output portion of die first buffer 
circuit 31 is enabled or disabled by the control signal GS. 

In the second embodiment, the first to ddrd buffer circuits 
31 to 33 are set to have the same gate delay time *Tg", die 
same rise time 'T^^ and the same fall time of the ou^ut 
waveform. In addition, the delay time <^ the delay circuit 14 
is represented by Td**. In this case, controlling eadi output 
poUion to be enabled or disabled by die control signal GS 
leads to application of three types of signals to the capacitor 
36 as a signal S6, which are a signal output from one of the 
first to third buffer circuits 31 to 33, a signal composed of 
two signals ou^t from two of the first to diird buffer 
circuits 31 to 33, and a signal con4>osed of diree signals 
ou^t from the first to third buffer drcmts 31 to 33. 

Next, operation of dius structured bus driver according to 
the second embodiment will be described. First, description 
will be given of a case where one of die first, second and 
third buffer circuits 31, 32 and 33 is enabled by die control 
signal GS. In a case where, for exan^le, the output portion 
of only die first buffer circuit 31 is enabled out of the first to 
third buffer circuits 31 to 33. the signal S2 output from die 
first buffer circuit 31 is applied as the signal S6 to one 
terminal of the capacitor 36. In addition, die ou^ut signal S7 
of the capacitor 36 and the output signal S4 from the fourth 
buffer circuit 34 are oonqwscd with each other and output as 
the signal S8 through the output tenninal 38. 

Signal waveforms at the respective circuit portions in a 
case where only the output portion of one of the first to third 
buffer circuits 31 to 33 is enabled will be therefore the same 
as those shown in HQ. 3. In other words, the rise time of the 
signal S8 ou^ut from die output tenninal 38 will be reprt- 
scntcd by 'TO" and die fall time by Tn*". 

Descripdon will be given of a case where two of the first 
to third buffer circuits 31 to 33 are enabled by the control 
signal GS. In a case where, for example, output portions of 
die first and second buffer circuits 31 and 32 are enabled out 
of the first to third buffer circuits 31 to 33, a signal composed 
of die signal S2 output from die first t>uffer circuit 31 and die 
signal S5 ou^ut from the second buffer circuit 32 is applied 
as the signal S6 to one terminal of the capacitor 36. In 
addition, the ou^ut signal S7 of the capacitor 36 and die 
ou^t signal S4 from the buffer circuit 34 are composed 
widi each odicr and ou^t as the signal S8 throu^ die 
ou^ut terminal 38. 

Signal waveforms at the respective circuit portions in a 
case where output portions of any two of the first to diird 
buffer circuits 31 to 33 are enabled by the control signal GS 
will be therefore die same as diose shown in FIG. 2. In other 
words, die rise time and die fall time of die signal S8 output 
from die output terminal 38 will be represented by *Trr and 
*Tfr, respectively. 

Description will be given of a case where all of the first 
to diird buffer circuits 31 to 33 are enabled by the control 
signal GS. Signal waveforms at the respective circuit por- 
tions in this case are shown in FIG. 5. 

When the signal SI whose wavefonn is shown in FIG. 
5(<3) is applied to die input tenninal 37, die signal SI is 
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fiiither applied to the first to third buffer circuits 31 to 33 and The third buffer drcdt 13a is cootroUed by the control 

the delay ctccuit 35. E'rom fte ou^ut poitioD of the first signal GS in a manner as described in the following. That is, 

buffer circuit 31^ the signal S2 is output whose wavefonn when the selector 40 ou^ts a signal to the "a** side 

shown in FIG. S(b) delays behind that of the signal SI by the (capacitor 15) in response to the select signal SL, the third 

gate delay time "Tg". 5 buffer dicuit 13a is enabled and when the selector 40 

Rom the ou^ut portion of the second buffa circuit 32, outputs the signal directly to the 'V side in response to the 

the signal SS shown in FIG. 5(e) is output Output from the select signal SL, it is disabled. Here, the first, second and 

ou^ut portion of the third buffer circuit 33 is the signal SIO circuits 11, 12 and 13o arc set to have the same 

shown in FIG. 5(0. The wavcfOTms of the signals S5 and g^te delay time *Tg-, and the same rise time and the 

S10arelhesameasthatoftiiesignalS2ouq)utfi-omthcfirst same fall time *Tr ctf tbdr ou^wt wavcfonns. In addition, 

buffer circmt 31. . . . delay time of the delay circuit 14 is represented by *Td". 

d^3^s;ss^^^^ r^r"^^;^r t^r^ ^^^^ r 

S(c) delays behind that of the signal SI by the delay time ".f^^.^ ^ ""^^ 

"Td^ of the delay circuit 14. Ou^rtftom the outout portion ^L, the third buffer circuit 13^ is disabled in 

of the fourth buffer circuit 34 is the signal S4 whose response to the control signal OS, so that toe output signal 

wavefcxm shown in FIG. 5(4) delays behind that of the ^ circuit 11 is ou^ut throug)i ttic selector 40 

signal SI by the time 'Td+Tg**. ^ ^ otilput composed of the ou^Kits of the first and second 

Then, the signals S2, S5 and SIO respectively output from circuits 11 and 12 is output through the selects 40. 

the first second and third buffer circuits 31, 32 and 33 arc Next, operation of the structured bus driver according to 

conq>osed with each other to t>e the signal S6 shown in FIG. ^ the third embodiment will be described. Here, signal wave* 

5(^), which signal is applied to one terminal of the capacitor foim of the respective circuit portions are shown in FIG. 7 

36. In response to the input of the signal S6, the signal S7 in a case iK^cre the selector 40 is switched to the "b" side in 

shown in FIG. S(A) is output from the other terminal the response to the select signal SL and the second buffer circuit 

capadtcr 36. 12 is disabled by the control signal GS. 

Then, as a result of composition of the signal S7 output ^ When a signal SI whose waveform is shown in FIG. 7(a) 

from the capacitor 36 and shown in FIG. S{h) and the signal is applied to the input terminal 16, the signal SI is further 

S4 output from the fourth buffer circuit 34 and shown in ^iplied to the first and second buffer circuits 11 and 12 and 

FIG. S(d) at the output terminal 38, the ou^t signal S8 the delay circuit 14. From the output portion of the first 

shown in FIG. 5(i) is output The rise time and the fall rime buffer circuit 11, a signal S2 is ou^ut whose wavefonn 

of the ou^t signal S8 are represented by 'TO" and *T£3'', ^ shown in HG, 7{b) delays behind that of the signal SI by the 

respectively. gate delay time *Tg*'. 

Con4>arison of the output signal S8 shown in FIG. 5(0 At &is dme, because the output portions of the second 

with the ou^ut signals SS shown in FIGS. 2{h) and 3{jg) buffer circuit 12 and the third buffer circuit 13a are disabled 

finds that the rise time *T1[3** aiMl the fall time 'TfS** of die in response to the application of the control signal GS, 

ou^ut signal S8 shown in FIG. 5(0 are shorter than die rise neither a signal S5 nor S4 is ou^ut from the output portions 

times *Trr and *Tr2" and the fall times Tf r and •Tf2" of of the second and third buffer circuits 12 and 13fl. 

the output signals S8 shown in FIGS. 2(h) and 3{g), respec- Therefore, a signal S7 whose waveform ^own in FIG. 

tively. 7(c) is the same as that of the signal S2 output from die first 

Thus, as a result of composition of three types of output ^ buffer circuit 11 is output from the selector 40. Then^ a signal 

signals from the capacitor 36 and the output signal of the S8 whose wavefonn shown in FIG. 7(d) is the same as that 

fourth txiffer circuit 34 in response to the application of the of the signal S7 is output from tiie output terminal 17. Hie 

three types ou^wt signals eacdi having difference rise time output terminal S8 has the same wavefcnm as that of the 

and fall time to the capadtor 36, three types of output signals signal S2 and its rise time and fall time are represented by 

each having different rise time and fall time arc output from ^5 **Tr^ fltid *Tf*, respectively. 

the output terminal 38. Finer through rate adjustment is Shown in FKj. 8 arc signal waveforms at the respective 

thaeforc possible than diat by the first embodiment circuit portions in a case where the selector 40 is switched 

FIG. 6 is a circuit diagram showing the structure of a bus to the ^t)** side in response to the select signal SL and the 

driver according to the third embodiment of the present second buffer circuit 12 is enabled by the control signal OS. 

invcnti<m. In FIG. 6, common reference numerals are allot- 50 When the signal SI shown in FIG. 8(a) is applied to the 

ted to the same components as diose of the first embodiment input terminal 16, the signal SI is further applied to the first 

shown in HO. 1. No description will be therefore given to and second buffer circuits 11 and 12 and the delay drcuit 14. 

die same components. From the ou^t portion of the first buffer drcuit 11, the 

The bus drive according to the third embodiment, as signal S2 is ou^t whose wavefonn shown in FIG. 8(&) 

shown in the figure, is structured sudi that a selector 40 is ss delays bdtind that of the signal SI by the gate delay time 

provided for switching and ou^tting the ou^ut of either **Tg**. 

the first buffer circuit 11 or the second buffer cfrcuit 12, and Ftom the output portion of the second buffer circuit IX 

the output portion of a third buffer drcuit 13a is enabled or the signal S5 is ou^ whose waveform shown in FIG. 8(f) 

disabled by the control signal GS. delays behind that of the signal SI by the gate delay time 

Applied to the selector 40 is the output of the first buffer 60 'Tg" of the buffer circuit With its output portion being 

circuit 11 or the ou^t composed oS the outputs of the first disabled in response to the plication of the control signal 

buffer circuit 11 and the second buffer dradtlZ In addition, GS. the output portion 13o fails to output die signal S4 

die sdector 40 selectivdy outputs a signal to the "a" side or through its output portion. 

the side in response to a sdect signal SL. The signal As a result a composite signal of the signal S2 output 

ou^t from die '"a" side is ^lied to one terminal of die 65 from the first buffer drcuit 11 and the signal S5 ou^t from 

capadtor 15. The signal output from the ''b** side is sent the second buffer circuit 12 is applied to die sdector 40. 

directly to the output terminal 17. from which the signal S7 shown in FIG. 8(c) is directly 
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output to the side of the ou^ut tcnninai 17. Then, the signal 
S8 whose wavcfonn shown ia HO. 7{d) is the same as that 
of the dgnal S7 is ou^t through the output tenninal 17. The 
output signal S8, which has the same wavefonn as thai of the 
signal S6 shown in FIG. 2. has the rise time and the fall time 
represented by 'W and *Tf4", respectively. As a result, 
two types of ou^fHit signals are ou^t through the output 
tcmnnai 17. 

Next, die ou^t signal of die first buffer circuit 11 or the 
ou^ut composed of the outputs of the first buffer cinmit 11 
and die second buffer circuit 12 is ^^iplied to the cq>adtar 15 
through die selector 40. and two types of ou^ut signals 
output from the capacitor 15 and die ou^ut signal S4 from 
die diird buffer circuit ISa are con^sed widi each odicr, 
whereby two types of output signals each having different 
rise time and fall time are output from the output tenninal 
17, 

Signal wavefonns at the respective circuit parti<His will 
dierefore be the same as those shown in FIG. 3 in a case 
where, with the second buffer circuit 12 being disabled, die 
signal S2 of die first buffer circuit 11 is applied as the signal 
Sti to die capacitor 15 diroug^ the selects 40, while die 
ou^ut signal S4 is output from die diird buffer circuit 13a. 
In odier words, die signal S8 output from die output terminal 
17 will have die rise time of anddicfaUtimcof *TC2^ 

In addition, signal waveforms at the respective circuit 
portions will be the same as diose shown in FIG. 2 in a case 
where, widi the second buffer circuit 12 being enabled, die 
signal S2 of die first buffer drcuit 11 and die signal S5 of die 
second buffer circuit 12 are composed widi each odier and 
q^lied as die signal S6 to die capacitor 15 through the 
selector 40, and the ou^ signal S4 is ou^ut from die diird 
buffer drcuit ISa. In other words, the rise time and die fall 
time of die signal S8 ou^ut from the ou^ut terminal 17 will 
be represented by *TTrr and "Tfl", respectively. 

More specifically, In the third embodiment, a total of four 
types of output signals with different rise times 
(*Tr4''<*Tr''<*T^rr<'Tr2*') and fall times rTf4** 
<*Tr<*Tf l"<*Tf2**) arc output from die output terminal 17. 
Finer dnxxi^ rate adjustment than those by die first and 
second embodiments is tiiercforc possible. 

In die above embodiments, it is also possible to increase 
the number of buffer circuits to be connected to the capaci- 
tor. Id sudi a case, a larger number of output signals can be 45 
output whose rise times and fall times are different from 
each other by arbitrarily combining outputs of buffer circuits 
connected to the capacitor. More detailed through rate 
adjustment will be dicrcfore possible. 

As dcsaibed in the foregoing, because the bus driver of 
the present Invention is structured such diat ou^uts from the 
first to m-th buffer circuits are composed widi each odicr 
according to a predetermined combinadon and applied as a 
plurality of types of signals to a c^acitive portion and die 
plurali^ of types of signals output fix>m the capadtive 
portion, and a signal ou^ut from the n-th buffer circuit are 
composed with each ottier to output a plurality of types of 
ou^ut signals each having different rise tune and fall time, 
die bus driver is allowed to ^»propriately adjust a rise time 
and a fall time of a wavcfonn at die ou^ terminal, dicreby 60 
preventing generation of noise on a bus transmission path to 
realize a high-speed bus. 

AlUiough die invention has been illustrated and described 
with respect to exemplary embodiment thereof, it should be 
understood by diose skilled in the art diat die foregoing and 
various other changes, omissions and additions may l>e 
made therein and thereto, without departing from the spirit 



and scope of the present invention. Therefore, die jvesent 
invention should not be understood as limited to die specific 
embodiment set out above but to include all possible 
embodiments which can be embodies widiin a scope encom- 
passed and equivalents thaeof with respect to the feature set 
out in the ^^pended claims. 
What is daimed is: 

1. A bus driver comprising: 

an input terminal for receiving an input signal, 

a plurality of first to nv-di buffer circuits f<s^ receiving as 
input said input signal from said input terminal, 
wherein m is an integer larger than 1, 
a dday drcuit for delaying die input signal from said 
ijq>ut terminal by a predetermined time period and 
ou^utting die delayed input signal as a delay signal, 
an n-di huffier circuit for rccdving as liqHtt said delay 
signal from said delay circuit, wherein n is an integer 
larger dian m, 

a capadtive device for sdectively recdving as ii^ut a 
predetermined combination of output signals from said 
first to m-ch buffer circuits, and 
an output terminal for ou^mttlDg a signal composed of an 
output of said capadtive device and an output signal of 
said n-th buffo* circuit 

2. The bus driver as set fordi in daim 1, wherein at least 
one of said first to m-th buffer drcdts recdves a first control 
signal for permitting or inhibiting ou^ut of said at least one 

^ of said first to m-th buffer circuits, said control signal 
selectivdy controlling the ou^t signals of said first to m-th 
buffer circuits to provide a plurality of combinations of die 
output signals to said cipadtive device. 

3. The bus driver as set fordi in claim 1, wherein first and 
second buffer circuits are provided as said first to m-th buffer 
circuits, 

a diird buffer drcuit is provided as said n-th buffer circuit, 
said second buffer circuit recdving a first control signal 
provided for permitting or inhibiting ou^ut of said 
second buffer circuit, 

wherein saidcq>adtive device receives as input one of the 
output signal of said first buffer drcuit and a signal 
composed of the output signals of said first and second 
buffer circuits, and 
wherein said output tenninal outputs two types of signals, 
eadi having a different rise time and fall time, which 
are each coiiqx)sed of the ou^Mit signal of said third 
buffer circuit and one of two kinds of output signals 
from said c^dtive device. 

4. The bus driver as sGt forth in daim 1, wherein 
first to third buffer circuits are (H-ovided as said first to 

m-di buffer circuits, 
a fourtii buffer circuit is provided as said n-di buffer 
drcuit, 

said first to diird buffer circuits receiving a first control 
signal for permitting or inhibidng output of at least one 
of said first to m-th buffo* circuits, 
wherein said capadtive device receives as input diree 
types of signals comprising combinations of die output 
signals from said first to diird buffer circuits, and 
wherein said output terminal ou^ts diree types of 
signals, each having a different rise time and fall time, 
which are combinations of die output signal of said 
fourtii buffer circuit and three kinds of output signals 
from said capadtive device. 
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5. A bus drivear con^xising: 

an input tenninal for receiviiig an input signal, 

a plurality of first to m-tfa buffer circuits for receiving as 

input said input signal from said input tenninal, 

whenin m is an integer larger than 1, 
a delay circuit for delaying the input signal from said 

input tenninal by a predetermined time period and 

oulputting the delayed input signal as a delay signal 
an D-th buffer circuit for receiving as input said delay lo 

signal from said delay circuit, whcrdn n is an integer 

larger than m, 

a capacitivc device for selectively recdving as input a 
signal coiiq>osed of at least one of ouqut signals of said 
first to m-tb buffer circuits* and 15 

an ou^ut tenninal for selectively ou^xitting said signal 
composed of at least one of the ou^Hit signals of said 
first to m-th buffer circuits or a signal con^xjsed of the 
ou^t of said ci^mcitive device and the ouqwt signal of 
said n-th buffer circuit ^ 

6. The bus driver as set forth in claim 5, wherein at least 
one of said first to m-th buffer circuits receives a first control 
signal for permitting or inhibiting ou^ut of said at least one 
of said first to m-th buffer dicuits. 

7. The bus driver as set forth in daim 5, further oompris- ^ 
ing: 

a sdection circuit for selectivdy ou^Nitting said signal 
composed of at least one of the output signals of said 
first to m-th txiffer circuits directly to one cf said 
ciqpacitive device and said output tmxunal. 

8. The bus driver as set forth In claim 5, wherein 

at least one of said first to m-tb buffo- circuits recdves a 
first control signal forpennitdng oi inhibiting output of 
said at least one of said first to m-lh buffer circuits, said 
control signal sdectivdy controlling the ou^ut signals 
of said first to m-th tniffcr drcuits to provide a plurality 
of comlnnations of the output signals to said c^adtive 
device, said bus drivo^ further comprising: 

a sdection dicuit for sdectively ouQxitting said signal 40 
con^>osed of at least one of the ou^t signals of said 
first to m-th buffer circuits directly to one of said 
capadtive device and said output tenninal. 

9. The bus driver as set forth in daim 5, further cours- 
ing: AS 

a sdection circuit for sdectively outputti^g said signal 
conned of at least one of the output signals of said 
first to m-th buffer drcuits directly to one of said 
capacitive device and said ou^wt tenninal, 

wfaerdn said n-th buffer circuit receives a second contrd 50 
signal for inhibiting the ou^ut said n-th buffer circuit 
when said selection circuit outputs the signal composed 
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of at least one of the output signals of said first to iD-th 
buffer circuits directly to said ou^Mit terminal 

10. The bus driver as set forth in daim 5, wherein at least 
one of said first to m-th buffer drcuits recdves a first control 
signal for permitting or inhibiting outpvt of said at least one 
of said fint to nnth buffer cticuits, said control signal 
selectivdy controlling the output signals of said first to m-th 
buffer circuits to provide a plurality of combinations of die 
output signals to said capadtive device, said bus driver 
further comprising; 

a sdection circuit for sdectivdy outputdng a signal 
con^wsed of at least one of the output signals of said 
first to mrth buffer circuits directly to one of said 
capadtive device and said ou^t terminal, said n-th 
buffer circuit recdving a second control signal for 
inhibiting the ou^ts of said n-th buffer drcuit when 
said sdection circuit outputs the signal composed of the 
at least one of the ou^t signals of said first to m-th 
buffer circuits directly to said output terminal 

11. The bus driver as set fc^ in daim 5* wherein 
first and second buffer drcuits are provided as said first to 

m-di buffer drcuits, and 
a Ifaird buffer ciraiit is provided as said n-th buffer circuit, 
said second buffer circuit recdving a first control signal 

provided for permitting or inhibiting output of said 

second buffer drcdt, said bus driver further oon4)ris- 

ing: 

a sdection circuit for selectivdy outputting a signal 
coiiq>osed of at least one of &e output signals of said 
first and second buffer circuits directly to one of said 
capadtive device and said output terminal, 

wherein said third buffer circuit receives a second 
control signal for inhibiting the output of said third 
buffer circuit when said selection circuit outputs said 
signal composed of at least one of the output signals 
of said first and second buffer drcuits directly to said 
output terminal 

wherein said capacitive device recdves as iiqHit one of 
the ou^ut signal of said first buffer circuit and a 
signal composed of the output signals of said first 
and second buffer circuits, and 

wherein said ou^t terminal outputs a plurality of 
types of signals, each having different rise times and 
fall times, including two types of signals which are 
each composed of the output signal of said third 
buffer circuit and one of two kinds of output signals 
from said cq>addve device, and two types of signals 
which each indude one of the output signal of said 
first buffer circuit and a signal composed of the 
ou^ut signals of said first and second buffer drcuits. 

» * * * ♦ 
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